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© Inflatable restraint system for side impact crash protection. 



© An inflatable protective system provides cush- 
ioning for an occupant (114) of a vehicle during side 
impact of the vehicle by another object. The system 
includes an inflatable bag (70) that is attached to a 
mounting plate (40), which extends over the lower 
section of a side panel assembly (20) of the vehicle. 
The inflatable bag (70) includes an upper portion 
foldable into a stowed position facing the occupant's 
thorax when seated on the seat (116). An inclined 
guide pad (52) may be provided on the upper por- 
tion of the mounting plate (40) for directing the 
^ upper portion of the bag (70) toward the occupant 
^ (114) and away from the window (22) of the side 
panel assembly (20) during deployment. A deploy- 
2 rnent envelope (76) including at least one sheet of 
|^ bearing material (75) and at least one sheet of fric- 
tion reducing material (74) is sandwiched between 
£j the bag (70) and a cushioning panel (38), which is 
If) detachably connected to an inner side of the side 




panel assembly (20), to enhance the smooth deploy- 
ment of the bag (70). An inflator (80) responsive to 
an actuating signal indicative of an impact against 
the side panel assembly (20) inflates the lower por- 
tion of the bag (70), which expands laterally toward 
the occupant (114) to form a shock absorbent cush- 
ion and barrier for restraining the occupant's body 
from moving into the side panel assembly (20). The 
entire cushioning panel (38) is propelled across the 
lateral spacing between the side panel assembly 
(20) and the seat (116) toward the occupant (114) to 
make initial cushioned contact with the seat (116) 
and the occupant (114) and to initiate lateral move- 
ment of the occupant (114) away from the side panel 
assembly (20). The lateral expansion of the lower 
portion of the bag (70) opens accordion-like pleats 
(112) folded in the upper portion of the bag (70) and 
permits the upper and lower bag portions to simulta- 
neously reach their fully inflated positions. 
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1 EP 0 

BACKGROUND OF THE INVENTION 

The invention relates generally to inflatable re- 
straint systems for protecting an occupant of an 
automotive vehicle and the like from side impacts 
and, more particularly, to an improved inflatable re- 
straint system that protects the head, thorax, and 
pelvis of an occupant from side impacts by re- 
straining the movement of the occupant and cush- 
ioning contact between the occupant and structural 
members of the vehicle body during a collision. 

An inflatable restraint system for protecting the 
head and torso regions of an occupant of an auto- 
motive vehicle from injury during side impacts is 
disclosed in U.S. Patent No.4,966,388 (hereinafter 
"the '388 patent"). The disclosure of this patent 
was developed by the assignee of the present 
invention and is incorporated by reference herein. 
In this patent, an air bag assembly mounted in a 
side door of a vehicle is designed to be fully 
deployed in about 30 to 50 milliseconds after a 
side impact of the vehicle is sensed. The air bag 
inflates from a stored position in a cavity in the 
side door to a deployed position forming a barrier 
for preventing injury to the occupant's head, neck, 
and shoulders. 

In further developing such an inflatable restraint 
system, the assignee of the present invention iden- 
tified several aspects of the prior system which 
could be improved. First of all was a recognition of 
the need to provide protection for the pelvic re- 
gions of the occupant and to better control the 
deployment of the bag to direct it toward the oc- 
cupant. 

As evident from Figure 3 of the '388 patent, the 
fully deployed air bag only covers the head and 
shoulder regions of the occupant. Although inflation 
of the air bag propels a hinged door portion of a 
cushioning panel toward the occupant's torso, it is 
clear from Figure 3 that only the top of the cush- 
ioning panel is propelled toward the occupant. Fur- 
thermore, the air bag itself does not afford any 
protection in the pelvic region. 

Another area where there is always room for 
improvement in systems of this type is in the 
deployment of the air bag from its stowed position 
to its fully inflated position. As the lateral distance 
between the occupant and the side of the vehicle is 
generally small, the air bag must be deployed as 
quickly as possible, especially to allow the bag to 
expand upwardly to protect the head of the oc- 
cupant. Thus, in the '388 patent it was noted that 
the timing of the deployment of the air bag is 
absolutely critical. For example, in a 28 mile per 
hour side impact, each millisecond delay repre- 
sents about one-half inch of side panel or door 
penetration. Thus, the invention also is directed to 
enhancing deployment of the bag to ensure it is 
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inflated quickly enough to provide adequate protec- 
tion for the head, thoracic, and pelvic regions of the 
occupant. 

In the prior restraint system, the stowed air bag 

5 directly contacts the inner surface of the foamed 
cushioning panel. (See, for example, Figures 1 and 
3 of the '388 patent). The contact between the 
outer surface of the air bag, typically nylon ma- 
terial, and the foamed cushioning panel,typically 

io polyethylene, produces frictional forces, which hin- 
der rapid deployment of the air bag. This friction 
can retard the inflation of the air bag by restraining 
the immediate deployment of the bag. 

The folding technique employed to store an air 

75 bag in its stowed position also affects its deploy- 
ment. As illustrated in FIGS. 8-12 of the '388 pat- 
ent, the prior folding technique involved folding 
protruding fore and aft sections of the bag inwardly 
so as to lie over or be nested inside the central, 

20 generally rectangular portion of the bag. The upper 
one-third portion of the rectangular configuration 
was then folded about the bottom edge of the 
central portion to overlie the front of the lower one- 
third portion of the bag. A final S-shaped fold in the 

25 free upper edge of the upper portion could then be 
made. 

The resulting pouch was then inserted into a 
cavity in the side panel such that the upper portion 
of the bag faced the interior of the vehicle. As 

30 specifically noted in column 6, lines 23-30, of the 
'388 patent, this folding technique required the bag 
to expand laterally toward the interior of the vehicle 
before inflation in the vertical direction occurred. As 
a result, the bag tended to rotate around the upper 

35 folding line of the bag and the lower section of the 
bag would have to be almost completely inflated 
before the upper half of the bag would inflate. This 
resulted in the possibility of the bag not expanding 
upwardly quickly enough to protect the occupant's 

40 head. 

Finally, the air bag of the '388 patent employed 
internal tethers to control the shape of the bag in 
its deployed condition and add to its strength. As 
illustrated in FIGS. 6,7,13, and 14 of the '388 

45 patent, each tether was stitched between opposed 
sides of the bag in a position with its longitudinal 
dimension arranged along a radial line emanating 
from the inflator. As the thrust of the gas generated 
by the inflator emanates spherically therefrom, the 

50 stress on the tethers caused by the deployment of 
the air bag is greatest at the end of the tether 
closest to the inflator. Thus, depending upon the 
particular geometry of the bag, pressure of the 
inflator gas, etc., such a radial tether arrangement 

55 could lead to the tearing of the tethers or of the 
bag itself along the radial stitching where the teth- 
ers are attached. 
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SUMMARY OF THE INVENTION 

The invention protects the pelvis of the oc- 
cupant by providing a cushioning panel that is 
propelled in its entirety towards the occupant and 
by controlling the inflation of the air bag to ensure 
that it moves towards the waist area of the oc- 
cupant. The inflation of the bag is controlled by 
providing a mounting plate for the inflatable bag 
that extends downwardly much further towards the 
bottom of the door panel than the backup plate of 
the '388 patent. The lower section of the bag is 
attached to the mounting plate at several locations 
to ensure that the bag expands laterally inwardly to 
protect the pelvic and waist regions of the pas- 
senger. 

To better control the deployment of the bag 
and direct it toward the occupant, the mounting 
plate of the invention may include an inclined guide 
pad installed on an upper portion thereof above the 
inflator opening. As the inflatable bag expands lat- 
erally inwardly and upwardly, the bag is guided by 
the inclined pad inwardly away from the window of 
the side door to prevent the bag from being eject- 
ed through the window instead of moving toward 
the occupant. 

The invention markedly enhances the smooth 
deployment of the air bag over the prior system to 
reduce the risk that the bag will not fully inflate 
rapidly enough to protect the head, thorax, and 
pelvis of the occupant. The enhancement in de- 
ployment is achieved primarily by two improve- 
ments. 

The first improvement concerned the addition 
of a deployment envelope, which includes at least 
one sheet of bearing material for restraining for- 
ward deployment of the bag, and at least one sheet 
of friction reducing material. The deployment en- 
velope is inserted between the outer surface of the 
air bag and the polymeric cushioning panel to aid 
in the smooth deployment of the bag. The bearing 
sheet may comprise a sheet of material having a 
first nylon surface, which abuts against the cush- 
ioning panel, and a second rubberized surface, 
which abuts against the rubberized side of a sec- 
ond similarly formed sheet of material, i.e., a sheet 
having a nylon surface and a rubberized surface. 
Thus, the two bearing sheets are placed with their 
rubber sides facing inwardly toward each other and 
their nylon sides facing outwardly. The innermost 
sheet of bearing material may be connected to the 
bottom of the mounting plate. The bearing sheets 
may be formed from the same material from which 
the air bag itself is made. Sandwiched between the 
nylon surface of the outer bearing sheet is at least 
one and pre'erably two sheets of reduced friction 
material, such as butcher paper, which may be 
covered with talc or similar powder to further re- 
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duce friction. The bearing sheets act as restraining 
surface against which the bag presses during for- 
ward deployment, while the two sheets of paper 
facilitate smooth, tangle-free deployment of the 
5 bag. 

The second improvement in the deployment of 
the air bag concerns the folding technique em- 
ployed to store the bag in its stowed position in the 
side panel. The invention reduces the risk of im- 

10 proper or incomplete inflation by providing a fold- 
ing technique in which the bag is designed to be 
totally inflated in both lateral and upward directions 
within a very short time. First, a bottom portion of 
the bag is attached to the mounting plate such that 

75 when the mounting plate is fixed to the side panel 
assembly, the bottom of the bag lies opposite the 
pelvis of an occupant seated on the vehicle seat. 
Then, the side edges of the bag are folded horizon- 
tally inwardly with respect to the final position of 

20 the mounting plate, i.e., in a first direction generally 
parallel to the top and bottom edges of the mount- 
ing plate, to form side folds generally confined, in 
at least the first direction, within the envelope of 
the mounting plate. Next, the top portion of the bag 

25 is folded vertically downwardly in a second direc- 
tion generally perpendicular to the first direction to 
form accordion-like pleats. The pleats also are gen- 
erally confined, in at least the second direction, 
within the envelope of the mounting plate and 

30 extend downwardly over only a portion of the 
mounting plate. Final folds in the first direction may 
then arrange any peripheral areas of the bag within 
the envelope of the mounting plate. Deployment of 
the bag is enhanced by this folding technique as 

35 the bag first expands laterally inwardly to open the 
accordion-like pleats, thereby presenting a greater 
area into which the gas can expand and fully inflate 
the upper and lateral portions of the bag approxi- 
mately simultaneously. 

40 In addition to enhancing deployment of the 

bag, the improved folding technique of the inven- 
tion aids in protecting the pelvis of the occupant by 
ensuring that the bag moves laterally toward the 
waist area of the occupant. Furthermore, the folding 

45 technique prevents the bag from being propelled 
through the window of the side panel assembly 
instead of toward the occupant, which was a pos- 
sibility when the folding technique of the '388 pat- 
ent was employed, particularly when the restraint 

so system was used with a laterally inwardly curving 
door frame. 

The present invention also improves upon the 
strength of the air bag and avoids the tendency of 
the bags to tear along the stitching provided to 
55 attach its internal tethers. The tethers are arranged 
such that the longitudinal dimension of the tethers 
lies across the radial lines emanating from the 
inflator rather than parallel thereto. An improved 

4 
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tether construction, which aids in controlling the 
shape of the inflated bag and adds strength there- 
to, also is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded, pictorial representation of 
a side door of a vehicle containing an inflatable 
restraint system constructed according to the 
principles of the invention; 

FIG. 2A is a plan view of a mounting plate to 
which the inflatable bag of the restraint system 
illustrated in FIG. 1 is attached; 
FIG. 2B is a schematic, cross sectional view of 
the mounting plate taken along the line 2B-2B of 
FIG. 2A; 

FIG. 3 is an exploded, perspective view showing 
the points of attachment between the inflatable 
bag and mounting plate of the invention; 
FIG. 4 is an exploded, partially cut away view 
showing the placement of the deployment en- 
velope of the invention between the inflatable 
bag and cushioning panel; 

FIG. 5A-5C are enlarged, schematic cross sec- 
tional view illustrating the use of friction reduc- 
ing sheets of material in the interface between 
the inflatable bag and the bearing sheets of the 
invention; 

FIG. 6 is a front view (driver's side perspective) 
of the inflatable bag of the invention in a fully 
expanded position; 

FIG. 7 is a perspective view of a beam switch 
used to sense side impacts and trigger deploy- 
ment of the inflatable bag of the invention; 
FIG. 8 is a schematic, cross sectional view of 
the beam switch taken along the line 8-8 of the 
FIG. 7; 

FIG. 9A is a front view (driver's side perspec- 
tive) of an expanded inflatable bag of the inven- 
tion showing the location of internal tethers and 
reinforcing attachment members; 
FIG 9B is a side view (left rear passenger's 
perspective) of the inflatable bag shown in FIG. 
9A in which the location of the internal tethers 
are shown; 

FIG. 10 is an enlarged, perspective view of 
internal tethers used to connect opposed sides 
of the inflatable bag of the invention; 
FIGS. 11 A and 11B are schematic, front and 
side views, respectively, of an inflatable bag of 
the invention in a fully expanded, deflated posi- 
tion prior to beginning folding of the bag; 
FIGS. 12A and 12B are schematic, front and 
side views, respectively, of the inflatable bag of 
FIGS. 11A and 11B illustrating the side folding 
step of the invention; 

FIGS. 13A and 13B are schematic, front and 
side views, respectively, of the inflatable bag of 
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FIGS. 12A and 12B illustrating the first top fold- 
ing step of the invention; 

FIGS. 14A and 14B are schematic, front and 
side views, respectively, of the inflatable bag of 

5 FIGS. 13A and 13B illustrating the second top 

folding step of the invention; 
FIGS. 15A and 15B are schematic, front and 
side views, respectively, of the inflatable bag of 
FIGS. 14A and 14B illustrating the last folding 

10 step of the invention; 

FIG. 16 is a schematic, side view (left rear 
passenger's perspective) partly in section show- 
ing the inflatable bag of the invention in its 
stowed position; 

75 FIG. 17 is a schematic view similar to FIG. 16 

showing the inflatable bag of the invention in its 
fully deployed position. 

DETAILED DESCRIPTION 

20 

As shown in FIG. 1 , the inflatable restraint 
system of the invention includes an air bag assem- 
bly 36 that may be mounted on the side panel 20 
of a conventional automobile. The side panel 20, as 

25 illustrated, is a side door of the automobile and will 
be referred to hereinafter as a door panel. It should 
be recognized, however, that the invention is ap- 
plicable to a side panel of an automotive vehicle 
generally and is not restricted to a door panel or to 

30 any particular type vehicle. For instance, the inven- 
tion could be applied to the side panels adjacent to 
the back seat of a conventional two door auto- 
mobile, as well as door and side panels of trucks. 
In the illustrated embodiment, the door panel 

35 20 includes a lower section 20a and a upper sec- 
tion 20b. The lower section 20a comprises the 
main body portion 24a of the door panel and has a 
corrugated door beam 23, represented by dashed 
lines and shown better in FIGS. 7-8, welded there- 

40 to. The upper section 20b includes a window 22 
and appropriate window frame 24b. A suitable win- 
dow operating mechanism (not shown) may be 
provided to move the window 22 upwardly or 
downwardly within the frame 24b. A roof pillar is 

45 located adjacent to a vertical side of the window 
22, and a roof rail 25 is positioned adjacent to an 
upper side of the window 22 as is disclosed in U.S. 
Patent No. 4,966,388. As shown in FIG. 16, the 
inner side of lower door frame 24a faces the tho- 

50 racic and pelvic regions of an occupant 114 seated 
on the seat 116 and the inner side of window 22 
and window frame 24b faces the head, neck, and 
shoulder regions of the occupant. 

The air bag assembly 36 includes an air bag 

55 70 (see, e.g., FIGS. 4, 7, 9A, and 9B), which 
communicates with an inflator 80 via an access 
opening 50 of a mounting plate 40 to which the 
inflator is connected. Inflator 80 receives signals 

5 
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responsive to an impact sensor, as discussed in 
more detail subsequently, to generate gas for de- 
ploying the air bag within milliseconds after a colli- 
sion occurs. As is apparent from FIGS. 6 and 17, to 
protect the head, thorax, and pelvis of an occupant 
and form a barrier to cover the window 22, the bag 
should be dimensioned large enough to buffer in- 
trusion into both the head and thoracic cavity and 
to impede lateral and oblique movement of the 
occupant toward the door during impact. The mean 
width of the bag should be chosen to fill the lateral 
spacing between the seat 116 and the door panel 
20, which varies but is typically 175 mm. As dis- 
cussed in more detail subsequently and shown in 
FIG. 9B, the width of the bag is controlled by the 
selection of appropriately sized internal tethers 
stitched to the opposed sides of the bag, which 
extend generally parallel to the door panel 20 in 
the deployed position of the bag. 

The air bag 70 and inflator 80 are connected to 
mounting plate 40, which may be formed from 
aluminum, fixedly attached to the side door 20 by 
screws or other suitable fasteners. As shown in 
FIGS. 7-8, door beam 23 supports deflection-trig- 
gered beam switch 32, which acts as a sensor for 
activating the door bag inflator in response to im- 
pact against the outer door panel 26. A second, 
optional deflection-triggered beam switch 32a may 
be provided in a position in door frame 24a below 
switch 32 to sense lower impacts. Beam switch 32a 
may be supported within a groove 31 formed in a 
lower panel 30, which is located within the door 
frame 24a, below the corrugated beam 33 to fill the 
voids between the outer door skin 26 and an inner 
door panel (not shown). Upper panel 28 is provided 
in a similar position within door frame 24a above 
the corrugated beam 23. As noted in U.S. Patent 
No. 4,966,388, these panels are placed in the load 
path of the side impact and preferably are formed 
of a foamed polymeric material to fill the voids in 
the door panel 20, thereby providing additional 
cushioning and enhancing the promptness of 
occupant-load applications. Load path panels 28 
and 30 may be cut so as to neatly fit within the 
voids in the side door. In a production vehicle, 
these panels can be molded to fit the openings. 

The inner side of the air bag assembly 36 
faces a cushioning panel 38, which for purposes 
discussed subsequently, is detachably connected 
at appropriate points to the side door 20 by a 
suitable fastening means. The inner (driver's side) 
surface of the cushioning panel 38 may be pro- 
vided with a decorated surface forming the finished 
inboard side of door panel 20 or may support a 
separate finished layer. In either case, the outline 
dimension of pannl 38 corresponds roughly to the 
inner door panel (not shown) and may have angled 
cuts or openings to provide for a proper fit and 
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access to the window and door operating mecha- 
nisms, etc. The cushioning panel 30 is preferably 
made of a foamed polymeric material such as 
polyethylene having a thickness of 25 mm and a 

5 crush resistance of 20 psi. Of course, the thickness 
of the panel 30 will vary depending upon the lateral 
spacing between the seat and door panel of the 
particular vehicle, as well as ergonomic design 
considerations. 

10 The mounting plate 40 is illustrated in more 

detail in FIGS. 2A, 2B, 3, 4, and 6 and is much 
larger than the backup plate employed in the '388 
patent. As shown in FIGS. 6 and 17, plate 40 
covers most of the rear half of the door panel 20. 

15 The upper edge 40a of the plate is adjacent the 
bottom of the window 22. The plate 40 extends 
downwardly to a bottom edge 40b, which is close 
to the bottom of lower door section 20a. The rear 
side edge 40c of plate 40 is adjacent the rearmost 

20 portion of door section 20a while the plate extends 
horizontally to a front side edge 40d adjacent the 
middle of door section 20a. Around the perimeter 
of the mounting plate 40, a plurality of holes 42 are 
formed and the mounting plate 40 is fixed to the 

25 side door 20 by screws, bolts, or other suitable 
fasteners. Three sets of holes 46 are formed in- 
wardly of holes 42 to attach the air bag 70 to the 
mounting plate 40 via bolts 56, nuts 58, and fas- 
tener strip reinforcements 98 shown in FIG. 9. Two 

30 sets of holes adjacent the edges 40c, 40d of the 
plate 40 are generally vertical, while the third set of 
generally horizontal holes is positioned at approxi- 
mately the same vertical level as inflator opening 
50 but rearwardly spaced therefrom. 

35 The strip reinforcements 98 may be formed 

from the same material as air bag 70, typically 
nylon, teflon or other suitable material. The re- 
inforcements 98 are sandwiched against the inside 
of the air bag 70 by the bolts 56 and nuts 58 

40 connecting the bag 70 to the mounting plate 40. 
Alternatively, the reinforcements 98 may be 
stitched to the inner surface of the bag material 
before it is stitched into bag 70. As shown in FIG. 
9, one reinforcement 98 is provided for each set of 

45 holes 46. The reinforcements 98 distribute the load 
imposed on the bag during deployment to reduce 
the tendency of the air bag 70 to tear at holes 46. 

As shown in FIG. 3, the mounting plate 40 has 
an circular opening 50 to which the inflator 80 is 

so fixed and through which the bag 70 is inflated. A 
plurality of holes 48 disposed around the opening 
50 are used to attach the inflator 80 by a suitable 
connection discussed with the description of FIG. 
4. At the lower edge of the mounting plate 40, a lip 

55 portion 54 is bent at an angle of approximately 90 
degrees to the generally flat planar surface of the 
plate 40. A lower portion of the air bag 70, such as 
bottom edge 71a or stitched portion 94a (see FIG. 

6 
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9A), is firmly held lip portion 54 and an angle 
clamp 64, which may also be formed from alu- 
minum. The lip portion 54 and the angle clamp 64 
have holes 44 and 66, respectively, through which 
bolts 60 extend for holding the air bag in place. 
The lower edge 71a of the air bag 70 shown in 
FIG. 3 is clamped tightly between the lip portion 54 
of the mounting plate 40 and the angle clamp 64 
by nuts 62 and bolts 60. Use of angle clamp 64 
obviates the need for a strip reinforcement at this 
connection. The connections of the air bag 70 to 
the bottom and sides of the mounting plate restrain 
the bag during inflation to ensure that the lower 
portion thereof is directly laterally toward the oc- 
cupant to protect the pelvis and waist region. Also, 
as discussed subsequently in connection with FIG. 
4, the outer layer of the deployment envelope 76 is 
retained between lip 54 and clamp 64. 

As shown in FIGS. 2A, 2B and 4, an inclined 
ramp pad 52 is installed at the top edge 40a of the 
mounting plate 40. The ramp pad 52 has a guide 
surface 53 inclined toward the inside of the vehicle 
compartment, i.e., toward the occupant as illus- 
trated in FIG. 4. so as to guide the deployment of 
the air bag 70 in a direction toward the occupant 
and away from the window 22. As shown in FIG. 
2B, the guide surface 53 is inclined at an angle of 
preferably 35-40 degrees relative to the mounting 
plate 40. The guide pad 52 may be made of a 
polyethylene foamed material and glued or other- 
wise secured tightly to the mounting plate 40. To 
decrease the friction between the guide surface 53 
and the air bag 70, the guide surface 53 may have 
a low friction tape applied thereto or otherwise be 
formed with a low friction surface. The guide pad 
52 directs the deployment of the air bag 70 toward 
to the occupant so the air bag 70 reaches its fully 
deployed position adjacent the occupant in a shor- 
ter time period than if the pad were not used. Pad 
52 also reduces the possibility of the air bag being 
deployed through the window or window opening if 
the window is open. 

FIG. 4 illustrates the deployment envelope 76 
of the air bag assembly 36 ; which is disposed 
between the cushioning panel 38, located at the 
innermost side of side door 20, and the mounting 
plate 40. The deployment envelope 76 keeps the 
air bag 70 in its folded, stowed position behind 
panel 38 and facilitates rapid, smooth deployment 
of the bag from this position. 

Deployment envelope 76 comprises two sheets 
75 of bearing material and tow sheets 74 of friction 
reducing material. Sheets 75 may be formed of 
rubberized nylon, such as the same material from 
which the air bag is made. Thus, each bearing 
sheet 75 has a nylon surface 75a and a rubberized 
surface 75b. The two sheets of friction reducing 
material may be formed from butcher paper or 



other material such as teflon 
(polytetrafluorethylene). Sheets 74 and 75 have ap- 
proximately the same surface area as that of the 
mounting plate 40. The innermost bearing sheet 75 

5 (adjacent panel 38) is clamped together with the 
bottom of the bag 70 between lip portion 54 and 
angled clamp 64, as illustrated in FIG. 3. The outer 
bearing sheet 75 may be fastened vertically to the 
front edge 40d of the mounting plate. The rubber 

10 sides of the bearing sheets 75 face each other. In 
this manner, a measure of restraint is provided 
against forward deployment of the bag as the two 
layers 75 abut each other with their common rub- 
berized surfaces 75b. Other arrangements besides 

75 the illustrated dual rubberized nylon sheets are 
contemplated, such as the use of one sheet of 
bearing material, and will suffice as along as a 
sufficient measure of restraint against forward de- 
ployment of the bag is provided. 

20 The two sheets of butcher paper 74 are sand- 

wiched between the outermost bearing layer 75 
and the front side 71 f of bag 70. For optimum 
friction reducing properties, the paper to paper 
interface between sheets 74 may be dusted with 

25 talc powder, corn starch, or other suitable material, 
to minimize the friction therebetween and provide 
the smoothest possible deployment. In this man- 
ner, the shear stresses that arose in the prior 
system from the direct contact of the nylon outer 

30 surface of the bag and the interior cushioning panel 
are minimized. The deployment envelope en- 
hances the smooth deployment of the air bag to 
minimize the risk that the bag will not reach its fully 
deployed position quickly enough. 

35 FIGS. 5A, 5B, and 5C show on a greatly en- 

larged scale how the butcher paper works between 
two surfaces of nylon material, such as the outer 
surface 71 f of the air bag 70 and the surface 75a of 
outer bearing sheet 75. In FIG. 5, butcher paper is 

40 not employed between the nylon surfaces 71 , 75a. 
The friction between the two surfaces 71, 75a is 
large due to the nesting or entanglement of the 
surfaces in the interstices of the sheets. FIG. 5B 
shows how one sheet of butcher paper 74 placed 

45 between two surfaces reduces friction by hamper- 
ing the nesting effect. FIG. 5C shows how use of a 
pair of butcher papers 74 placed between the tow 
surfaces even further reduces friction by practically 
eliminating the nesting altogether. 

so FIG. 4 also illustrates how the air bag 70, which 

may be made from 0.840 denier nylon fabric ma- 
terial coated on one side 72 (inside) with a black 
neoprene rubber, is attached to the circular open- 
ing 50 in mounting plate 40. A circular opening in 

55 the air bag 74 is reinforced by stitching an annular 
reinforc : ng member 86 of double thickness bag 
material to the opening 50. The annular member 86 
includes holes 73 which are aligned with the holes 
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48 in the mounting plate. The inflator 80 has an 
annular flange 83 with a plurality of holes 84 that 
may be aligned with the holes 48 and the holes 73. 
A retaining ring 88 includes a plurality of bolts 87, 
which are received in holes 73 of annular member 
86, holes 84 of the inflator 80, and holes 48 in the 
plate 40, to connect the bag, inflator, and plate 
together via bolts (not shown). A pressure sensor 
90 may be mounted to the retaining ring 88 for 
monitoring the pressure in the bag 70, but probably 
need not be employed in a production vehicle. 

The inflator 80 is located near the top and at 
rear portion of the side door 20. The inflator com- 
municates with the air bag 70 through opening 50 
and exhaust ports 82, which conduct gas generated 
by the inflator to the inside of the air bag 70. The 
inflator 80 is preferably a pyrotechnic inflator com- 
mercially available for use in inflating air bags in 
the automobile industry, such as those distributed 
by Morton International. Instead of using bag ma- 
terial as an annular reinforcing member 86, a plas- 
tic reinforcement ring may be stitched to the air 
bag 70. In either case, reinforcing member 86 aids 
in preventing tears from occurring in the air bag 
around the holes 73, which also may be reinforced 
with stitching. The holes 73 may be formed in the 
bag material itself or in member 86. 

FIGS. 6 and 17 illustrate the extent of the air 
bag 70 to both the upper section 20b of the door 
panel for protecting the head of the occupant and 
to the bottom section 20a of the door panel for 
protecting the pelvis and waist region of the oc- 
cupant. The planar sides of the bag extend in a 
direction parallel to the door panel 20 to cover 
most of the window 22. FIG. 6 also shows the 
locations of the beam switch 32 and the optional 
beam switch 32a, which are employed to detect 
side impacts exerted against the upper and lower 
portions of the outer door panel 26, respectively. 

The details of the beam switch 32 are illus- 
trated in FIG. 7 and 8. The construction of switch 
32a is identical to switch 32 except for its mounting 
within a groove 31 in panel 30 rather than in 
corrugated door beam 23 as is the case with switch 
92. In the corrugated portion of the beam 23, a 
support beam 122, which may comprise a square 
steel tube, is supported at the ends of the door 
beam 23 between the forward and rearward portion 
of the door frame 24a. (See FIG. 1) The beam 23 
extends through a central opening formed in a 
microswitch 92 to support same. The switch 92 
includes an outwardly biased push rod 128, which 
abuts the inner surface of the corrugated door 
beam 23. The switch 92 has an OFF position in the 
extended position of the push rod 128 and an ON 
position when the rod 128 is deflected by a pre- 
determined amount, typically 2-5 mm. If the outer 
door skin 26 receives an outer force or impact F, 
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its deflection is correspondingly transmitted to the 
door beam 23, which pushes the rod 128 to turn 
the switch 124 ON if the deflection is equal or 
greater than the predetermined amount. In a con- 

5 ventional manner, wires 126 send a signal to elec- 
trically activate the inflator 80, which generates the 
gas pressure used to inflate the bag. 

As is apparent from FIG. 9A, the air bag 70 is 
made from a single sheet of material, preferably 

w 0.840 denier nylon fabric coated on one side with 
black neoprene. The sheet is folded about its cen- 
ter line, which forms one side edge 71b of the bag, 
such that the rubber surface is on the bag interior. 
The bottom edge 71a, top edge 71 d, and other 

75 side edge 71c are stitched together, preferably with 
a chain stitch, to form the inflatable bag. A second 
line of stitching may be made at 94a to restrain the 
bottom of the bag and the bag may be attached to 
the bottom edge of the plate 40 at this point rather 

20 than at the bottom edge 71a as shown in FIG. 3. 

FIGS. 9A and 9B schematically i illustrate the 
location of a plurality of tethers 96 and reinforce- 
ments 98 in solid lines to avoid confusion with the 
bag stitching, which is shown in dashed lines. 

25 Tethers 96 are preferably made from light-gauge 
nylon belt webbing, which are stitched inside the 
air bag 70 to control the shape of the air bag 70 
when it is deployed and add to its strength. More 
specifically, tethers 96 restrain the width of the air 

30 bag 70 from deploying beyond a certain distance 
in the lateral direction of the vehicle body. The 
tethers connect the opposed, broad planar sides 
71 e, 71 f of the air bag to each other. 

The construction of the tethers are illustrated in 

35 FIG. 10. Each tether 96 comprises two straps of 
nylon belt webbing 104, tow backs 108, and two 
anchors 102 reinforcing the sides 71 e, 71 f of the 
bag 70. Each tether back is simply another strip of 
belt webbing to which the folded ends 106 of 

40 straps 104 are stitched. After the tether straps 104 
are sewn to the tether backs 106, the ensuing 
tether assembly is then sewn to the opposed sides 
71 e, 71 f of the bag, which have been reinforced 
with tether anchors 102. Each tether anchor com- 

45 prises a layer of air bag of other suitable reinforc- 
ing material that has been stitched to the air bag. 
All of the tether stitching may be lock stitches for 
added strength and a single tether strap may be 
used instead of dual straps 104. 

50 The approximate location of the tethers 96 are 

shown in FIGS. 9A and 9B at 100a, 100b, 100c 
I00d and I00e. Each tether anchor has two long 
sides 102a and two shorts sides 102b, which define 
a rectangular shape. The tethers are oriented such 

55 that the longer dimension of tether anchors parallel 
to side 102a lies across radial lines 103 emanating 
from the center of the inflator 80. This orientation 
minimizes the effects of the stress caused by the 
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thrust, which emanates spherically from the inflator 
upon deployment of the air bag, and reduces the 
tendency of the bag and/or tethers to tear when 
compared to the orientation of the tethers parallel 
to the radial lines, as shown in the '388 patent. 
Tethers 100a-100d preferably are oriented such 
that the longer dimension of each tether anchor is 
arranged at 90° angle to its respective radial line. 
Tether 100e need not be oriented perpendicular to 
its radial line 103 because the bag is reinforced in 
this region by the connection of the bag and re- 
inforcement 98 to the plate 40. Thus, tether 100e, 
although it could be perpendicularly oriented like 
the other tethers, is arranged parallel to the lower 
rightmost (forward) reinforcement 98. 

FIG 9A also illustrates the provision of a certain 
number of vent holes 97. which in a manner known 
in the art permit controlled venting of the gas in the 
deployed air bag 70. The bag is stitched at 99 
around the vent holes 97 to reinforce the periphery 
of the holes 97. 

The improved air bag folding technique of the 
invention is shown in FIGS. 11 through 14. The 
folded portions of the bag are shown in dashed 
lines in these figures. For purposes of clarity of 
illustration of this technique, the mounting plate and 
the parts attached thereto are shown in solid lines. 

FIGS. 11A-11B illustrate the air bag 70 in a 
fully deflated, but expanded position prior to begin- 
ning folding of the bag. The internal tethers are in 
place and the bag is first attached to the mounting 
plate, as is the inner bearing sheet 75 (not shown 
in FIGS. 11A-11B). In the first folding step, as 
shown in FIGS. 12A-12B, both of sides of the air 
bag 70 are tucked horizontally inward in a first 
direction generally parallel to edges 40a, 40b, as 
shown by the direction of arrows A, to create 
horizontal folds 110. The horizontal dimension of 
the bag now is generally within the horizontal width 
or envelope of the plate 40. Next, as shown in 
FIGS. 13A-13B, the upper portion of the air bag 70 
is tucked vertically downwardly in a second direc- 
tion generally parallel to edges 40c, 40d and per- 
pendicular to the first direction, as shown by the 
direction of arrows B, to create a vertical, 
accordion-like fold 112. Then, as shown in FIGS. 
14A-14B, the previously folded top portion 112 is 
tucked again vertically downwardly in the second 
direction (C) to bring the vertical dimension of bag 
70 within the envelope of the mounting plate 40 
and create accordion-like pleats 114, which only 
extend vertically down over the plate to about the 
middle of the plate. Finally, as shown in FIGS. 15A- 
15B, the upper ends of pleats 14 are tucked hori- 
zontally inwardly in the first direction (D) such that 
the entire bag is substantially within the envelope 
of plate 40. The remaining layers of the deploy- 
ment envelope 76 (not shown in FIGS. 11-15) are 
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placed into position and the cushioning panel 38 
attached to keep the folded bag in its stowed 
position. In the stowed, folded position all of the 
vertical folds or pleats are formed downwardly from 
5 the upper portion of the air bag and there are no 
upward folds in the lower portion of the air bag. 
Therefore, the gas pressure generated by the infla- 
tor can rapidly expand the bag laterally toward the 
waist region of the occupant and open the pleats to 

io enable the lateral and upward deployment of the 
bag to occur substantially simultaneously. 

The operation of the inflatable restraint system 
of the invention should be apparent from the fore- 
going, but also is illustrated in FIGS. 16 and 17. 

is FIG. 16 shows the air bag assembly in its stowed 
condition held in place by cushioning panel 38, 
which has been detachably connected to the door 
panel 20, such as by tape or other suitable means. 
Upon detection of an impact against the side door 

20 20, the impact sensor 32 actuates the inflator 80 to 
deploy air bag 70. The lower portion 1 of the 
deploying air bag 70 immediately exerts pressure 
on the cushioning panel 38 as it expands laterally 
inwardly and propels the entire cushioning panel 38 

25 toward the occupant to make initial cushioned con- 
tact with the occupant's torso and initiate lateral 
movement away from the door panel. This initial 
movement minimizes the relative speed at which 
the door panel makes contact with the occupant 

30 during the collision. As there are no folds in this 
section of bag 70, this lateral movement is particu- 
larly rapid and quickly opens up the pleats 114 to 
enable the bag to fully deploy in lateral and upward 
directions substantially simultaneously. Upper por- 

35 tion 2 of bag 70 is directed toward the occupant by 
the inclined pad and protects the head and thorax 
of the occupant from contact with the roof rail 25, 
window 22, and window frame 24. The waist and 
pelvis of the occupant is protected by lower bag 

40 portion 1 from contact with side door section 24a 
and intrusion by the impaction object. 

An inflatable protective system provides cush- 
ioning for an occupant of a vehicle during side 
impact of the vehicle by another object. The sys- 

45 tern includes an inflatable bag that is attached to a 
mounting plate, which extends over the lower sec- 
tion of a side panel assembly of the vehicle. The 
inflatable bag includes an upper portion foldable 
into a stowed position facing the occupant's thorax 

so when seated on the seat. An inclined guide pad 
may be provided on the upper portion of the 
mounting plate for directing the upper portion of 
the bag toward the occupant and away from the 
window of the side panel assembly during deploy- 

55 ment. A deployment envelope including at least 
one sheet of bearing material and at least one 
sheet of friction reducing material is sandwiched 
between the bag and a cushioning panel, which is 

9 



15 



EP 0 523 704 A1 



16 



detachably connected to an inner side of the side 
panel assembly, to enhance the smooth deploy- 
ment of the bag. An inflator responsive to an ac- 
tuating signal indicative of an impact against the 
side panel assembly inflates the lower portion of 5 
the bag, which expands laterally toward the oc- 
cupant to form a shock absorbent cushion and 
barrier for restraining the occupant's body from 
moving into the side panel assembly. The entire 
cushioning panel is propelled across the lateral io 
spacing between the side panel assembly and the 
seat toward the occupant to make initial cushioned 
contact with the seat and the occupant and to 
initiate lateral movement of the occupant away 
from the side panel assembly. The lateral expan- 75 
sion of the lower portion of the bag opens 
accordion-like pleats folded in the upper portion of 
the bag and permits the upper and lower bag 
portions to simultaneously reach their fully inflated 
positions. 20 

Claims 

1. In a vehicle having a side panel assembly 
located adjacent to and laterally spaced from 25 
an end of a seat upon which an occupant to be 
protected is seated, with the side panel assem- 
bly including an upper section facing the head 

and neck of the occupant and a lower section 
facing the thorax and pelvis of the occupant 30 
when the occupant is seated on the seat, an 
inflatable protective system for cushioning the 
occupant from an impact of the vehicle by 
another object, said system comprising: 

a mounting plate attached to the lower 35 
section of the side panel assembly, and having 
a substantially planar inner surface facing a 
interior of the vehicle against which an inflat- 
able bag rests in its stowed position and an 
inclined pad attached to an upper portion of 40 
mounting plate in a position closely adjacent to 
a bottom portion of a window, said inclined pad 
including a guide surface disposed at an acute 
angle relative to the inner surface of the 
mounting plate whereby upon deployment of 45 
inflatable bag the guide surface directs the 
upper position of the bag away from the win- 
dow and toward the occupant, 

wherein the side panel assembly com- 
prises a side door of the vehicle : said upper 50 
section comprises the window and a window 
frame of the side door, and said lower section 
comprises a main body portion of the side 
door. 

55 

2. The inflatable protective system of claim 1 
wherein the bottom portion of the inflatable bag 
is attached to the mounting plate such that 



after the mounting plate is attached to the side 
panel assembly, the bottom portion lies op- 
posite the pelvic region of the occupant seated 
on the seat. 

3. The inflatable protective system of claim 1 
wherein said guide surface includes a friction 
reducing material. 

4. The inflatable protective system of claim 1 
wherein said acute angle is between approxi- 
mately 35 to 40 degrees. 

5. An inflatable protective system for cushioning 
an occupant from impact of a vehicle by an- 
other object, comprising: 

an mounting plate; 

an inflator fixed on the mounting plate; 
an inflatable bag fixed on the mounting 
plate; and 

a deployment envelope disposed between 
said inflatable bag and an inner surface mem- 
ber of the vehicle, said deployment envelope 
including at least one sheet of friction reducing 
material, put between the surfaces of the fol- 
ded inflatable bag. 

6. The inflatable protective system of claim 5 
further conprises at least one sheet of bearing 
material sandwiched between at least one 
sheet of friction reducing material and said 
inflatable bag. 

7. The inflatable protective system of claim 6 
wherein said at least one sheet of bearing 
material comprises first and second sheets of 
material, each having a nylon surface and a 
rubberized surface, said first sheet being at- 
tached to the bottom portion of its mounting 
plate and positioned such that its nylon surface 
abuts a cushioning panel, said second sheet 
being positioned such that its rubberized sur- 
face abuts the rubberized surface of the first 
sheet, and said at least one sheet of friction 
reducing material comprising third and fourth 
sheets of paper, said third and fourth sheets 
being sandwiched between the nylon surface 
of the second sheet and the inflatable bag. 

8. The inflatable protective system of claim 7 
wherein a side pane! assembly has an outer 
panel and said cushioning panel forms an in- 
ner panel of the side panel assembly spaced 
from said outer panel to form voids there- 
between, and further comprising additional 
foamed polymeric panels filling substantially all 
otherwise void space between said outer and 
inner panels to provide additional cushioning 



10 



MSDOCID: <EP 0523704A1_I_> 



17 



EP 0 523 704 A1 



18 



and prompt occupant loading during impact of 
the side panel assembly by another object. 

9. In a vehicle having a side panel assembly 

located adjacent to and laterally spaced from 5 
an end of a seat upon which an occupant to be 
protected is seated, with the side panel assem- 
bly including an upper section facing the head 
and neck of the occupant and a lower section 
facing the thorax and pelvis of the occupant 10 
when the occupant is seated on the seat, an 
inflatable protective system for cushioning the 
occupant from an impact of the vehicle by 
another object, said system comprising: 

a mounting plate attached to the lower 75 
section of the side panel assembly, said 
mounting plate having a generally rectangular 
configuration formed by a bottom edge adja- 
cent to the bottom of the side panel assembly, 
a top edge adjacent to the upper section of the 20 
side panel assembly, a first side edge adjacent 
to a rear part of the side panel assembly, and 
a second side edge adjacent to a middle part 
of the side panel assembly; 

an inflatable bag foldable into a collapsed, 25 
compact configuration and inflatable to form a 
planar air cushion having dimensions sufficient 
to extent upwardly over the upper section, 
downwardly over the lower section, and lat- 
erally inwardly across the spacing between the 30 
lower section of the side panel assembly and 
the seat, said inflatable bag having a lower 
portion and attached to the mounting plate by 
a clamping member connecting a bottom edge 
of the inflatable bag to the bottom edge of the 35 
mounting plate, and by a series of attachments 
including a first set of generally vertical fasten- 
ers disposed inwardly from said first side 
edge, a second set of generally vertical fasten- 
ers disposed inwardly from said second side 40 
edge, and a third set of generally horizontal 
fasteners disposed inwardly from said top 
edge; and 

an inflator supported within the side panel 
assembly and in flow communication with said 45 
inflatable bag, said inflator being responsive to 
an actuating signal to inflate the bag upon an 
impact of predetermined force against the side 
panel assembly whereby the inflatable bag 
forms a shock absorbing cushion for the head, 50 
thorax, and pelvis of the occupant and a cush- 
ioning barrier to restrain the occupant's head, 
thorax, and pelvis from moving into the side 
panel assembly. 

55 

10. The inflatable protective system of claim 9 
wherein said inflator is mounted to an opening 
in the mounting plate, said opening being dis- 



posed at approximately the same vertical posi- 
tion as said third set of fasteners and rearwar- 
dly spaced therefrom, said inflatable bag being 
attached to said inflator. 

11. The inflatable protective system of claim 10 
wherein each set of fasteners includes a series 
of bolts extending through holes in the mount- 
ing plate, nuts securely tightened on the bolts, 
and a reinforcement member disposed be- 
tween the bolts and an inside surface of said 
inflatable bag. 

12. The inflatable protective system according to 
one of claims 1 , 5 and 9 further comprising a 
cushioning panel of foamed polymeric material 
detachably connected to an inner side of the 
side panel assembly in a position retaining the 
inflatable bag in its stowed position, whereby 
upon inflation of the inflatable bag the entire 
cushioning panel is propelled across the lateral 
spacing between the side panel assembly and 
the seat toward the occupant to make initial 
cushioned contact with the seat and the oc- 
cupant and to initiate lateral movement of the 
occupant away from the side panel assembly 
to minimize the subsequent impact between 
the occupant and side panel assembly. 

13. The inflatable protective system according to 
one of claims 1, 5 and 9 wherein said inflatable 
bag includes two generally opposed sides and 
said upper portion of the inflatable bag is fol- 
ded into a pouch lying against an inwardly 
facing surface of the mounting plate having 
horizontal folds created by folding the sides of 
the bag inwardly and accordion-like pleats cre- 
ated by folding the upper portion of the bag 
vertically downwardly, said pleats extending 
partially downwardly over the inwardly facing 
surface to a middle region thereof and being 
generally confined with an envelope of the 
mounting plate. 

14. The inflatable protection system of Claim 13 
wherein said bag has a first side lying adjacent 
to the inwardly facing surface of the mounting 
plate and an inner side of the side panel as- 
sembly when the bag is inflated, a second side 
laterally spaced from the first side to face the 
interior of the vehicle when the bag is inflated, 
and a plurality of tethers connected to and 
spanning across said first and second sides, 
each tether being connected to said first and 
second sides by anchors having a long dimen- 
sion and a sho L dimension, each anchor being 
connected to one of said first and second 
sides such that its long dimension is arranged 
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at an angle relative to a radial line emanating 
from the inflator to the respective tether, said 
tethers limiting lateral expansion of the inflat- 
able bag. 

5 

15. The inflatable protection system of claim 14 
wherein at least some of the tethers are ar- 
ranged at an angle perpendicular to its respec- 
tive radial line. 

10 

16. The inflatable protection system of claim 15 
wherein at least one of the tethers is arranged 
in the lower portion of the bag. 

17. The inflatable protection system of claim 16 75 
wherein said at least one tether is arranged at 

a non-perpendicular angle to its respective ra- 
dial line. 

18. The inflatable protection system of claim 14 
wherein each tether comprises at least one 
strap of reinforcing material having first and 
second ends, and first and second tether 
backs stitched to the first and second ends of 
said at least one strap. 

19. The inflatable protection system of claim 18 
wherein the backs of each tether are stitched 
to one of said anchors , said anchors being 
stitched to one of the sides of the bag, with all 30 
of the stitching between the sides of the bag 

and the anchors, the anchors and the tether 
backs, and the tether backs and said at least 
one strap being lock stitches. 
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FIG. 3 
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FIG.5A 
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FIG. 7 
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